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METOJ] OLIHKH BEJINUMHU IH®OPMAINMHOLO PH3HKY 
TPH WPMAHATTI PIWEHb 


Abstract. Looks into evaluation of information provision probability from different sources, based on use of 
linguistic variables. Formation of functions appurtenant for its unclear variables provides for adoption of decisions by 
the decision maker, in conditions of nonprobabilistic equivocation. The development of market relations in Ukraine in- 
creases the independence and responsibility of enterprises in justifying and making management decisions that ensure 
their effective, competitive activities. As a result of the analysis, it is determined that the condition of economic facili- 
ties can be described and determined by the decision-maker, in the presence of the necessary information. The confi- 
dence of the decision-maker in the information received is different and the decisions made have a correspondingly dif- 
ferent level of information risk. It is important to substantiate the procedure for assessing the numerical extent of infor- 
mation risk in decision-making based on the information obtained in conditions of uncertainty. The use of a linguistic 
variable in the processing of expert data presented in the form of a matrix of binary relations of values of the member- 
ship function, which allowed to move to further processing of knowledge to support decision-making in the manage- 
ment of industrial, commercial, financial and other activities. As a mathematical model for estimating the numerical 
measure of information risk when making decisions based on the information obtained in conditions of non-stochastic 
uncertainty, a model has been developed to model natural language uncertainties, which differs from existing ones by 
formalizing knowledge taking into account uncertainty of input information. Making such a clear decision in a fuzzy 
environment has appropriate values of effectiveness and risk. The paper proposes all the functions and accessories of 
indicators of both quantitative nature and qualitative nature to bring their values in the field of definition to one scale. 
Then the indicator of the effectiveness of decision-making will be a measure of the clarity of the cross-section of fuzzy 
subsets, which correspond to the introduced indicators of information risk. The condition of economic facilities can be 
described and determined by the decision-maker, if the necessary information is available. Decision-making on the 
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numerical measure of information risk must be determined by a set of basic indicators (criteria), which can be both 
quantitative and qualitative in nature. Predictive values of indicators should be determined in conditions of nonstochas- 
tic uncertainty. In this case, the indicators of a quantitative nature can be determined by fuzzy triangular numbers, 
which implement a high level of confidence in the subjective judgments of experts. Indicators of qualitative nature 
should be presented in linguistic variables. The values of the indicators of qualitative nature that are predicted must be 
considered for all fuzzy variable terms-sets of linguistic variables introduced into consideration. For any fuzzy variable, 
the introduction to the consideration of a clear set of values as carriers of the a-level of its membership function allows 
to reduce to a single interpretation of the predicted values of indicators of quantitative and qualitative nature in terms of 
non-stochastic uncertainty. 

Keywords: decision maker; linguistic variable; informational risk; numerical measure; nonprobabilistic 
equivocation. 


Anotauis. Y ctaTTi BU3Ha4eHO, WO pOSBHTOK PHHKOBUX BIJHOCHH B YKpaiHi MiJBULLye CaMOCTIMHICTh 1 Bid- 
MOBIJaJIbHICTS WiMPHEMCTB Tp OOIpyHTyBaHHi Mi MpPHMHATTI yUpaBIUHCbKMX PiLWeHb, AKi 3a0e3MeCUy!OTb e*eKTUBHY, 
KOHKypeHTHY ix JisJIbBHICTb. Y pe3yIbTaTi IpOBeAeHOFO aHai3y BH3HAYeHO, WO CTaH HapOAHO-rociosapcbKux 00'eK- 
TIB MOKe OYTH ONMCAaHHi 1 BH3HAYeHHM OcoOor0, WO NpHiMae plleHHA, Ip HaxBHOCTI HeoOxigHOi inopMauii. JloBi- 
pa ocoOn, WO IIpHiimae pillieHHA, 10 OTPUMaHOi iHopmallii pi3Ha i pileHHA, LO MpHHiMalorEcs, MAaIOTb BiJTOBIZHO 
pisnuit piBeHb inopmaniiinoro pusuky. AKTyalIbHuM € OOrpyHTyBaHHA MpOUeAypH OWHKM YHCesbHOI MipH 1ncopMa- 
IiMHOrO pH3Hky mipu TIpuviHarti pilleHb Ha OCHOBi OTpHMaHoi iHtopMalili B yYMOBax HeEBH3HayeHOcT. O6rpyHToBaHo 
BHKOPHCTAaHHA JUHTBICTHYHO! 3MiHHOI UpH OOpooui eKcnepTHUX WaHUXx, IpeACTaBJICHHX Y BHIIAL MaTpHul OiHapHux 
BIZHOCHH 3HadeHb (PYHKIi MpMHaexKHOCTI, WO TO3BOMMIO MepeHTH NO NoFabuIoi OOpoOKU 3HaHb AWA WATPHMKU 
MIpHWHATTA pileHb MPH ympaBiHHi BHpOOHHYOIO, KOMepLIMHOIO, (piHaHCOBOIO Ta IHINMMHM BUaMH JiAJIbHOCTI. 
B saKOCTI MaTeMaTHYHOI MOJe OWIHKH YHCebHOI Mipu iHopMaLlliHOrO PH3HKy Mp MpHMHATTI PILeHb Ha OCHOBI 
OTpuMaHoi iH(opMallii B YMOBax HeCTOXaCTHYHO! HEBH3HAYeHOCTI Po3poOIeHa MOJeJIb, WO NO3BOJIAE MOeHOBaTH 
HeBH3HaYeHOCTI MIpHpOAHO! MOBH, 1Ka BIPI3HACTBCA Bi, ICHYIOUHX (POpMaIi3allielo 3HaHb 3 ypaXyBaHHAM HeBH3Haye- 
HOCTI BXiQHOi iH(popMalili, BAKOPHCTaHHAM HeYITKHX MiAMHOXKUH. I[pHuiHaTTa Takoro YITKOTO pllIeHHA B yYMOBax He- 
YITKOFO CepeXOBUIa Ma€ BINOBIAHI 3HaYeCHHA MOKa3HHKIB ecpeKTHBHOCTI Ta pu3uKy. Y poOori 3anponoHoBaHo yc 
byHKuti i a MpHHasexKHOCTI MOKa3HUKIB AK KIJIBKICHOi UIPUpoOAH, Tak i AKICHOi MpupoH, Mpu3BecTH ix 3HayeHHA oOsrac- 
Ti BU3HAYeHHA JO OWHiel WIKaM BUMipy. B aAKocTi NOKa3HHKa e(PeCKTHBHOCTI MpHMHATTA PilleHHA OOrpyHTOBaHa Mipa 
YITKOCTI Mepepi3y HeYITKHX T1{MHOKHH, AKi BIAWOBIZalOTh NOKa3HUKaM 1HPOpMaliitHoro pu3sHKy. PosBHTOK PHHKO- 
BUX BIJHOCHH B YkKpaiHi MIABUULye CaMOCTIMHICTS 1 BIAMOBIAaIbHICTb MiAMpHeMcTB pu OOrpyHTyBaHHl i MpHitHATTI 
yIpaBHCbKUX pillleHb, WO 3a0e3ieuy!OTb ecpeKTHBHY, KOHKypeHTHY ix JiWIbHICTb. CTaH HapoWHO-rocnojapcbKux 
00'eKTIB Moxe OyTH ONMcaHuii 1 BU3HAaYeHH OcOOOr0, WO MpHiiMae pilleHHA, pH HaAxBHOCTi HeoOxigHoi inopmauii. 
Ipuitatrs pllWeHHA WOO YHuCebHO MIpu intbopmariiHoro pusuKky HeOOXiJHO BHU3HAYaTH 3a CYKYMHICTIO OCHOBHUX 
MOKa3HHKIB (KpHTepiiB), AKi MOXKYTb MATH AK KIIBKICHY, Tak i AKicHy Mpupoyy. IIporHo3oBaHi 3Ha4eHHA MOKa3HHKIB 
HeoOXxiZHO BH3HavaTH B YMOBaX HeCTOXacTHYHO! HeBH3HayeHoctTi. Ip WboMy MOKa3HHKH KWIbKICHOI IpHpoyu Mo- 
*KYTb OYTH BU3HAYeH] HEYITKHMU TPHKYTHUMH YHCaMU, AKi peasi3yIOTb BUCOKy JOBIpy 0 cyO’€KTHBHUX Cy])KeHb 
excnepTis. [loka3HuK AKICHOi MPHPOAM AOWWIEHO NOaBaTH JUHTBICTHYHUMU 3MIHHUMH. 3HaudeHHA WOKa3HUKIB AKIC- 
HOi NPHpOAH, AKI MPOTHOSYIOTLCA, HEOOXIAHO POSrATaTH IIA BCIX, BBEJCHUX NO posriayy, HCYITKHX 3MIHHMX TepM- 
MHOOKHH JUHTBICTHYHUX 3MIHHUX. Jia OyIb-AKOI HEUITKOI 3MIHHOi BBeCHHA TO PO3ray YITKOL MHOXKUHH 3HAYeHb 
AK HOCIB O-piBHaA ii PyHKUi IpHHaNexKHOCTI AO3BOJAE 3BECTH JO €4MHOTO TIyYMa4eHHA MporHo3s0BaHi 3HadeHHA 
MOKa3HHKIB KiJIBKICHOI Ta AKICHOi MIpHpoAM B YMOBaX HeECTOXaCTH4HO! HeBH3HayeHocTi. Tosi MoKa3HHKOM e*eKTHB- 
HOCTI NPHUHATTA pilieHHA Oye BUCTyHaTH Mipa YITKOCTI Mepepi3y HEYITKUX TiJMHOXKHH, AKi BINMOBITalOTb BBeze- 
HUM JO posriayy NoKa3HukaM in(opMalliMHoro pH3uKy. 

Karro4oBsi c10Ba: ocoba, LO MpHiiMae pillleHHs; JUHTBICTH4Ha 3MIHHa; IHPOpMaLliMHHM PU3HK; YMCebHa Mipa; 
HecTOXacTH4Ha HeBH3HayeHicTb. 


Introduction 

Development of market economy in Uk- 
raine enhances independency and responsibi- 
lity of companies upon justification and adop- 
tion of managerial decisions, providing for ef- 
fective, competitive activities. Results of pro- 
duction, commercial, financial and other types 
of activities depend on various factors, which 
are on different level of interconnection bet- 
ween each other and final performance indica- 
tors of the company. Their interconnection, in- 
teroperability and effect on final performance 


indicators of the companies vary in their po- 
wer, character and development time. 

The state of national economic facilities 
(production enterprises, distribution points, 
etc.) can be described and determined by the 
decision maker in case of necessary informa- 
tion availability. From functional purpose 
point of view, all objects can be divided into 
stationary and mobile. According to [1], the 
information support of the decision maker 
about stationary and mobile objects can be im- 
plemented from the following sources of in- 
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formation: technical (economic) intelligence, 
covert intelligence, space intelligence and the 
media. Information on stationary and moving 
objects of interest can be obtained for decision 
makers from any of the aforementioned sour- 
ces of information. Depending on the functi- 
onal purpose of the object, the “trust” of the 
decision maker in the received information of 
the information source will be different and 
the decision maker will take his decisions with 
a different level of information risk. 

The purpose of the article is to justify 
the procedure for assessing information risk 
numerical measure while making decisions 
based on the information received. 

Ease of Use 

Let’s introduce into consideration events 


AY? and A‘”, consisting from, that content in- 
2 Sg 


formation r=1,R for s stationary object, 
where s=1,S, and for s moving object, where 
s=1,5 , will be received from gq information 
source, where q=1,4. Then the probability of 
events will be a numerical measure of P(A(’?) 
and P(A) information risk when making a 
decision. 

An acceptable assessment approach 
P(A) and P(A) under conditions of non- 
stochastic uncertainty leads to introduction of 
a linguistic variable #, = <"Event probability 
value A’)"> and f. = <"Event probability 
value AY ">. According to [3], a linguistic 
variable is a tuple </,S(%),X,G,M >, where 
f£ —name of a linguistic variable; S() — term 
set of a linguistic variable ~ elements of 
which a;,i=ln — name of fuzzy variable 
<a,X,C(a)> as linguistic values of a linguis- 
tic variable, where X — domain of fuzzy vari- 
ables, C(@%)={ Heya)! x}, EX, Keay) — 
membership function value; G — syntax rule 
designating a variable name a < S(f) as verbal 
values of a linguistic variable; M — a syntax 
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rule that matches each variable ae S(B) fuzzy 
set C(a) [2-5]. 

Based on the subjective idea of the deci- 
sion maker about the considered information 
sources intelligence capabilities, for the lin- 
guistic variables introduced into consideration, 
term sets containing the following values of 
the fuzzy variable a can be determined: 

@, — insignificant value of event probabilities 


AW? A; a) — nearly insignificant value of 


event probabilities A(”) AM; a3 — Significant 
value of event probabilities AW’), A“; a4 — 
? 54g 
high value of event probabilities A) , A”. 
, 56g 


The contents of the conditions that must 
be satisfied generated for each value of the 
fuzzy variable a e S(8) membership functions 
are as follows [2, 3]. Let X <R, where R — set 
of real numbers,x,=inf X andx,=supX . 
If S(B) ={a,,a),03,a,\, then the set S(f)is sor- 
ted by condition: 


(War, € S(P)Var; € SB) (i <jo(re Ca) 
(Vy € Cig, (x) / (x> y)). 
(1) 
This means that a term that has a carrier 
(membership function) located to the left 
receives a smaller number and the term set of 
any linguistic variable satisfies the conditions 
Hea) =; i =I,m, andi=m, a; €S(f) , 
which means — membership functions of a 
fuzzy variable (terms) extreme values cannot 
have the form of bell-shaped curves, which is 
due to the location of these terms in an ordered 
set S(B). 


(Va; € S(P)/a@,,)(O < sup HE (a, AE (a 44) <l), 
xeX 
(2) 


which means inadmissibility in S(f) terms 


when there is no natural delimitation of con- 
cepts approximated by terms. 


Va; €S(PYAXE Xe q,O=D, (3) 
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which means — for any value of a fuzzy vari- 
able a there is one xe X for which the mem- 
bership function is equal to one. 


(VB)(Ax € R)(Axy € R(x € Xx < x < X9)) 


(4) 


which confirms the fact that in any control 
problem there is a physical restriction of nume- 
rical values on the set defining the domain of 
the linguistic variable in question definition X. 
Based on these properties and practical 
applications of the expected result and the 
physical (technical) capabilities of the consi- 
dered sources of information, the researcher 
agrees with the decision maker the domain of 
linguistic variables £, and - definition in the 


form: 


X=(0,05;0,1;0,15;0,2;0,25;0,3;0,35;0,4;0,45 
30,5;0,6;0,65; 0,7;0,75;0,8;0,85), 

where accepted P(A) = P(A) <0,05 — indi- 
cate the insignificance of information sources 
in the information support system and 
PAG) = P(A?) <0,85 — technically not fea- 
sible considered information sources. 

In addition, the decision maker deter- 
mines that the term “Insignificant probability” 
is associated with the range x eX type 
(430,05). 2 =0,1; 4=0,15; x, =0,2; 
xs =0,25); the term “Almost significant proba- 
bility” — with the range (x5 =0,25; x, =0,3; 
x7 =0,35; xg =0,4; x9 =0,45); term “Signifi- 
cant probability” — with the range (x9 =0,45; 
x19 = 0,5; x1; =0,55; 242 =0,6; x,, =0,65); the 
term “High probability’ — with the range 
(x,, =0,65; x,, =0,7; x,; =0,75; x, =0,8; 
x7 =0,85). 

Fuzzy sets C(a;),i=1,4 of a fuzzy vari- 
able a@ can be formed on the basis of the ex- 
pertise statement, which consists in expressing 
preferences based on the qualitative compari- 
sons, and processing expert data [3, 4]. Quali- 
tative comparisons make it possible to mea- 
sure the characteristic under consideration of a 


linguistic variable that has several values. 
Statement of expertise for the benefit of identi- 
fying C(a;),i=1,4 is based on the following 
a; 
of the matrix equation AY’ = AY allows you 


to determine the corresponding eigenva- 
lues 2,,q = 1,G, as the roots of the characteris- 


[2]. For matrix A =la,,|; i, 7 =1,n consideration 


tic equation A— AE =0, where E — unit matrix. 
To each eigenvalue 4,,q=1,G will match its 
own vector Y,, g =1,G. Matrix equation corres- 


ponds to each square A 

AYT=AY, (5) 
which makes it possible to define its corres- 
ponding integers: 

hy. q=LG, (6) 
as roots of characteristic equation: 

A-XE=0, (7) 
where E is the identity matrix. Eigenvectors 


Y, complies with each town number Aq. If 
we have for matrix A: 


ai > 0; a ji =1/ aj; ax = Gj jg 3 ts Dk=lhLn, (8) 


that is, matrix A is integral, inversely symmet- 
rical and coordinated, then equation: 


AFL EHO: (9) 


have one root: 
ie ey (10) 


It is matched with only one own vector 
Y. Therefore, if the subjective opinions of 
experts regarding 
Cla) = (Hei, @)/ x}. EX, = hn will expres- 
sed by a positive, inverse symmetric, and con- 
sistent matrix, then solving the equation 
AY’ =nY allows us to determine 
Y = {UE q)(x)} vector, and measure of coinci- 


dence Ay, With n will be a measure of the ex- 
pert judgments coherence. 

Each / expert /=1,L makes a judgment, 
how many times the value of membership 
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function, for example, valuea, of fuzzy 
variable a , Hee) (Xi) exceeds the value of 


membership function He (ayy p> where 


XjsXj eX; i,j=ln. 


HE(a,) i) a_i 
Pa ey 4 
aij 


If a= 
7 Mea, Op) 

MC(aj) i 

ae = a a , then av > 0; a =hLij= Ln ; 


Subjective opinions of experts are averaged, 


l=1 


L 
Di 


l=1 


and thena,; = , provided _ that 


n 
DHE (ay) =1, equals 
i=l 


Me 2 HE (a4) 4) = 1 (11) 
: He (a,j) Hey %)) 
Then by equation 

Au! = Amax H (12) 


Vector 1 = {He(q,) xp} J= il,n, where 
(Me (a,(¥))} = —is formed. In the general case, 
| 


obtained from the results of examination pro- 
cessing, the vector « may not satisfy the 


equation AY’ =nY, for the consistency of a 
positive inverse symmetric matrix meets the 
requirement ,,,,, =n. Inequation Ay, 2718 al- 
ways correct. Deviation from consistency can 
be estimated by the ratio 


y= ama (13) 


n-1 
because when comparing n elements, the ex- 
pert expresses (n—1) judgments. Vector 2max 
is the best one from the point of view of ele- 
ment division of vector Au’ by vectory, a 
Jmax — averaged value of Amax vector compo- 
nents. If 7does not meet accuracy require- 
ments, then matrix A corrects through the ob- 
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tained yw vector. The iterative procedure is re- 
peated until it satisfies the accuracy require- 
ments at the k-th step. 

An expert makes his/her judgments re- 
garding the value of membership function 
He (en) (Xi) exceeds the value of membership 


function HE (a) ;) each J on the basis of 


qualitative assessment [5-8]. Under conditions 
of non-stochastic uncertainty, the use of me- 
thods in which the expert makes fuzzy judg- 
ments allows the decision maker to “trust” the 
results to a greater extent, since the expert is 
relieved of the need to talk about the exact va- 
lues of the studied parameters. 

A matrix for a, values as an average 
result of experts’ L opinions based on qualita- 
tive binary comparisons in accordance with 
[2] has the following form (14). Zeros corres- 
pond to incomparability of elements for the 
accepted value of the a variable. Accordingly 


(11), (12). 


1 2 3 5 9] | 0,47 
0,5 1 1 5 7] | 0,23 
0,33 1 1 2 3)-| 0,17 |= 
0.2 0,2 0,5 1 2] | 0,07 


0,11 0,14 0,33 0,5 1] [0,045 
= Ama (0,47; 0,23; 0,17; 0,07; 0,045) 


Obtained » vector doesn’t meet accu- 


racy requirements (13). After the second ope- 
ration A matrix becomes: 


1 2,04 2,76 6,71 10,44 
0,49 1 1,35 3,29 5,1 
A=| 0,36 0,74 1 2,43 3,77 |, 
0,15 0,304 0,412 1 1,56 
0,096 0,196 0,265 0,641 1 


and the corrected vector 
= (0,477; 0,233; 0,173; 0,071; 0,046) meets 
accuracy requirements. 

After normalizing the vector, the fuzzy 
set of the fuzzy variable (term element) takes 
the form 


C(a) = (1/3; 0,49 / 8; 0,36 /13; 0,15/18; 0,1/ 25) . 
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A similar setting of the examination and 
processing of expert data for the formation of 
fuzzy sets of the remaining fuzzy variables 
give the following results: 


Clay) = (0,1/ 24; 0,4/ 28; 1/30; 0,9 / 33; 0,44 7/38 ); 
C(a3) = (0,32 / 48; 0,44 / 50; 0,81/58; 1/60; 0,49 / 73 ); 
C(a4) = (0,31/ 93; 0,56 / 103; 0,8 / 113; 1/120; 0,45 / 43 ). 


0,05 01 02 03 04 


CNA 
7. NS A 


A graphical representation of the obtai- 
ned fuzzy sets C(a,),C(a>),C(a3), Clay) is 
shown in Figure 1. 


0,6 0,7 0,8 0,85 


Fig. 1. Graphical representation of the membership function of a linguistic variable 


To make a decision, the membership 
function levels Hé(q) 20,5. can be recommen- 


ded and the decision maker can focus on the 


Thus, the problem of evaluating a 
numerical measure of information risk when 
making decisions in conditions of non-sto- 
chastic uncertainty has been solved. the use of 
a linguistic variable is based on the processing 
of expert data, presented in the form of a mat- 


GOO OrFRN WW Oo & 


Ba Xp x3 x4 
x 1 2 3 5 
% 0,5 1 it 5 
X3 0,33 1 1 Z 
X4 0,2 0,2 0,5 1 
A= | x5 0,11 0,14 0,33 0,5 
x7 0 0 0 0 
Xg 0 0 0 0 
Xo 0 0 0 0 
, ae 0 0 0 0 
mes. 24) 0 0 0 0 


values P(A’) at the accepted terms for the 
linguistic variable in question. 


tal 
oo 
& 
i 
a 
Ey 
~ 


Coorcococo COs 
oOoroocnoo co 
re oooeoo Coe 
coooocoo coo 
oooocoo coo 


0 0 0 ‘its 0. «UL 


rix of binary relations of the membership 
function values, which allows us to proceed to 
further processing of knowledge to support 
decision-making in the management of 
production, commercial, financial and other 
activities. 
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Conclusion 
As a mathematical model for assessing 


a numerical measure of information risk when 
making decisions based on the information 
obtained under conditions of non-stochastic 
uncertainty, a model is defined that allows 
modeling uncertainties of the natural langu- 
age, which differs from existing ones by for- 
malizing knowledge taking into account the 
non-stochastic uncertainty of the initial infor- 
mation using fuzzy subsets. 
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